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[57] ABSTRACT

A piston pump assembly comprising a housing, a piston
member mounted for axial movement in a bore of the
sald housing forming a piston chamber, and arranged
coaxially relative to a drive shaft, said piston compris-
ing a thin-walled member of generally cup shaped con-
figuration, cam means associated with said drive shaft
disposed in the recess of said cup shaped piston and cam
follower means associated with said piston operatively
connected to said cam means whereby rotation of said
shaft effects through said cam and cam follower means
axial back and forth movement of said piston in said
piston chamber.

13 Claims, 7 Drawing Fipgures
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AXIAL PISTON PUMP

BACKGROUND AND SUMMARY OF THE
INVENTION |

The present invention relates to piston pumps and
specifically those incorporating a piston which recipro-
cates in a chamber of cylindrical housing and 1s dis-
posed coaxially relative to a drive shaft. The piston has
a cam surface which is in operative engagement with at
least one cam projection having a complementary cam

surface connected with the drive shaft and rotating with
it. |

Piston pumps of this general construction are not

new, per se. A typical prior art axial piston pump is
shown in German Pat. No: 1,299,189 and in this assem-
bly, the cam surface is arranged on the back side of the
piston and is formed of an integral solid material. In
‘these assemblies, the piston is very heavy and therefore
has a high mass to accelerate. Additionally, the entire
pump is rather elongated in an axial direction. The axial
construction length is even further increased in the
known constructions by reason of the fact that plane-
tary running rolling elements are disposed between the
cam surfaces of the piston and the drive shaft.

~ Another prior art pump assembly is shown in Ger-
man published application No. 2,646,340. There is dis-
closed additionally a vacuum pump with an immediate
drive of the pump of a dynamo in which the free end of
the shaft of the dynamo has a bent portion and the
eccentricity of this bent portion provides the stroke for
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a piston member of the vacuum pump. The bent portion -

carries a ball bearing, wherein the outer ring is designed
to cooperate with a pressure disc of the piston member.
The piston member is in the form of an elastic mem-
brane which limits the stroke of the piston to only one
per drive shaft rotation and therefore this type of pump
has only a comparatively small forwarding capacity.
Furthermore, the bent portion must be produced and
machined and is relatively expensive. -

With the foregoing in mind, it is an object of the
present invention to provide a piston pump of the above
mentioned general type which consists of economically
and relatively easy to produce compornents and 1s com-
pact and space saving at a high capacity. This 1is
achieved in accordance with the present invention by a
piston construction consisting of a single or multi com-
ponent thin-walled cup closed off at one end wherein
the cam surface of the piston is arranged inside the
center recess of the cup. In its simplest form, the piston
assembly of the present invention consists of a single
cup closed off on one side which is ‘generally pot
shaped. Alternatively, the piston assembly may com-
prise plural elements consisting of one cup and two
thin-walled sleeves arranged axially next to one another
in the bore of the cup. In order to form the piston sur-
face, either the cup itself is closed off on one side or in
a cylindrical construction of the cup open on both sides,
at least one of the sleeves is closed off at one side, that
is, one sleeve is provided with a bottom.

The cam surface or cam follower of the piston in
accordance with the present invention can be formed
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by a radially inwardly directed tab which is preferrably

formed integrally with the sleeve shaped section of the
piston as a bent in radially inwardly directed portion. In
a multi-component form of the piston, it is advanta-
geous to provide the pair of thin-walled sleeves dis-
posed axially next to one another in the bore of the cup
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each with at least one radially inwardly directed tab
which forms an axial space therebetween within which
engages the edge of the cam disc carrying the cam
surfaces rotating with the drive shaft. In a preferred
form of the multi-component construction, each of the
sleeves preferrably has two diametrically opposed tabs.

A piston constructed in accordance with the present
invention can be comprised of components which can
be simply and economically produced without machin-
ing in a deep drawing process. This piston assembly is
lightweight and occupies comparatively little space by
reason of the thin-walled thickness of the components.
A lightweight piston is especially advantageous to mini-
mize capacity losses of the drive. Furthermore, by rea-
son of this construction, the two sleeves inserted in the
cup housing forming the piston may be shaped identi-
cally which further reduces tooling costs and substan-
tially simplifies the bearing support of the individual
components. ‘Additionally, the tabs forming the cam
surface or cam follower of the piston can be simply
punched without machining, bent or bent over, so that
the machining step or special shaping of the starting
material is not necessary. o

In accordance with another feature of the present
invention, the tabs are shaped so that they are arcuate or
curved in a peripheral direction of the cam disc and in
this manner form lubricant pockets between the tabs
and the corresponding surfaces of the cam disc which
reduces friction and wear of the components engaging
or sliding on one another. It is also possible to reduce
friction in accordance with a preferred embodiment of
the invention by coating the tabs and/or the cam sur-
faces of the cam disc with a layer of low friction mate-
rial. | : |

In accordance with another feature of the present
invention, rather simplified means are provided to se-
cure the piston against rotating movement in relation to -
the cylindrical housing by providing either the piston at
the outer peripheral surface or the bore of the cylindri-
cal housing with at least one radial projection and the
bore of the cylinder or the outside surface of the piston
with a complementary corresponding recess forming a
pocket for a radial projection which engages in the
recess in a manner to permit relative axial movement
between the piston and the cylindrical housing and
restrict rotational movement. Alternatively, the outer
peripheral surface of the piston and the corresponding
bore of the cylinder may be provided with complemen-
tary recesses for rolling elements which serve the same
purpose, that is, to permit axial movement of the piston
in the housing but restrict rotational movement.

In lieu of the above, since the piston may be formed
in a deep drawing process so that it can easily be formed
to various non-circular shapes and also since the cylin-
der bore is machined by reaming, the piston may be
secured against rotation by forming it of a non-circular
shape, for example, the shape of an ellipse. The cylinder
bore also may be formed of a complementary non-circu-
lar shape to achieve the desired non-rotation of the
piston in the bore of the cylinder.

While the principal embodiment of the invention
illustrated is a single acting piston assembly, the princi-
ple of the present invention has equal application to
double acting assemblies wherein the second stroke
volume is defined by the inner front face of the cup like
piston. However, since the smallest possible stroke vol-
ume cannot be attained in this way, it is proposed ac-
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cording to another feature of the present invention to-

locate the position of the open rim of the cup radially
inwardly up to the area of the drive shaft of the cam
- disc or to design the sleeve on the side of the drive shatft
of the cam disc with a bottom having a suitable opening
for the drive shaft. In accordance with this design, the
unavoidable gap between the drive shaft, the annular
projection of the cam disc and the inside edge of the

shifted rim, a suitable seal is provided in the opening in
the bottom of the cup. It is also advantageous to seal the

stroke volume against the housing wall penetrated by
the drive shaft of the cam disc.

DESCRIPTION OF THE DRAWING

These and other objects of the present invention and
various features and details of the operation and con-
struction thereof are hereinafter more fully set forth
with reference to the accompanying drawings, wherein;

FIG. 1 is a longitudinal sectional view taken on lines
1—1 of FIG. 2 of an axial piston pump in accordance
with the present invention;

FIG. 1A is a fragmentary sectional view showing a
modification of the anti-piston rotation means shown in
FI1G. 1;

FIG. 1B is a fragmentary longitudinal sectional view
similar to FIG. 1 showing a modified piston and another
means for preventing piston rotation;

FIG. 2 is a sectional view taken on lines 2—2 of FIG.
1;

FIG. 3 is a longitudinal sectional view through the
piston and the cam disc of a slightly modified embodi-
ment;

FIG. 4 is a longitudinal sectional view similar to FIG.
1 taken on lines 4—4 of FIG. § showing a double acting
~ piston pump; and

FIG. § is a sectional view taken on lines §—3§ of FIG.
4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings and particularly to
FIGS. 1 and 2 thereof, there is illustrated a pump assem-
bly in accordance with the present invention. The pump
assembly comprises a housing consisting of an elon-
gated cylindrical hollow tubular member 1 closed at
opposite axial ends by disc-like covers 4 and 8 defining
a piston chamber 19. The cover 8 has a central opening
5 to accommodate the drive shaft 6 for a cam disc 7. A
piston member 10 is disposed coaxially of the drive shaft
and adapted for reciprocating axial back and forth
movement in the bore 9 of the cylinder 1. Conventional
intake and outlet valve 2 and 3 respectively are pro-
vided in the cover 4.

In accordance with the present invention, the piston

‘assembly 10 is comprised of a cup member 11 of gener-
ally U-shaped cross section made of thin-walled metal-
- lic material which can be formed by a drawing process
to include a generally cylindrical body section 114 con-
forming closely to the bore 9 of the cylinder 1 and an
end wall 11% closing one axial end of the body section
112 and facing or confronting, in this instance, the cover
4. The piston assembly further includes a pair of sleeve
members 12, 1272 arranged axially next to one another

and nested in the bore of the cup 11 which are also made

of a thin-walled metal which is easily formed by a deep
drawing process. The piston assembly is relatively easy
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to assemble simply by inserting the sleeve members 12,

122 in the bore of the cup 11 and thereafter, bending the

4

open rim 13 radially inwardly to secure the sleeve mem-
bers 12, 129in side by side array in the manner shown in
FIG. 1.

~ The piston assembly has a cam follower operatively
associated with a cam surface 16 of the cam disc 7 so
that during rotary movement of the drive shaft 6 and
the cam disc 7, the cam surface 16 of the cam disc 7
which may be of serpentine configuration moves the

piston assembly axially in the bore 9 of the cylinder
back and forth and in this manner changes the volume

of the stroke space 19 of the piston chamber 14 located
between the front surface 18 of the piston 10 and the
cover 4. The cam follower in the present instance 1s
formed by confronting axially spaced tabs 14, 149 In
each of the sleeve members 12, 129 which form an axial
gap 15 within which the edge of the cam surfaces 16
engages. In the present instance, each of the sleeve
members 12, 122 has two diametrically opposed tabs 14,
142 By this arrangement, during the upstroke or suction
stroke of the piston 10, a fluid medium being pumped is
drawn in through the intake valve 2 is then compressed
on the subsequent downward or discharge stroke of the
piston 10 and expelled when the outlet valve 3 is open.
Depending on the construction of the cam disc 7, one or
more cycles of the piston 10 can be effected for each
revolution of the drive shaft 6.

In accordance with another feature of the present
invention, means is provided preventing rotation of the
piston 10 along with the cam disc 7 upon rotation of the
drive shaft 6. To this end the piston 10 is formed adja-
cent its inner free terminal end with a pair of diametri-
cally opposed axially running recesses 20 which may be
formed by embossing or the like and the bore 9 of the
cylinder is provided over a part of its length with dia-
metrically opposed axially running complementary re-
cesses 21, the recesses 20, 21 forming a channel or
pocket 23 for balls 22 which engage in the channel. The
channel 23 is of a given axial length to permit full stroke
of the piston, and of course, the engagement of the balls
in the channel formed by the complementary recesses
locks the piston against the rotational movement in the
bore 9 of the cylindrical portion of the housing 1. The
cam surfaces 16 of the cam disc 7 are typically ma-
chined. However, they may be made without machin-
ing by stamping or the like from a flat disc. The tabs 14
therefore, are preferably curved in a peripheral direc-
tion and in this manner form wedge shaped gaps which
draw in lubricant to the contact zone between the tabs
and the cam surfaces and thereby reduce friction and
wear. (See FIG. 3) |

There is illustrated in FIGS. 4 and § another embodi-
ment of pump assembly in accordance with the present
invention. The pump assembly illustrated is a double
acting piston pump. The drive system including the
drive shaft and cam are similar to that described previ-
ously. However, in this instance, inlet and outlet valves
are provided in both covers 4 and 8 at opposite axial
ends of the cylindrical body portion of the housing. The
piston 10¢ is also in this instance made of thin-walled
metal which can be easily formed by a deep drawing
process. In the present instance, however, the piston
assembly 10¢ and the bore 9¢ of the cylindrical body
portion 1¢ of the housing are of a noncircular cross
section, for example, an elliptical shape to thereby pre-
vent rotation of the piston 10¢ in the bore 9¢.

In accordance with this embodiment of the invention,
the piston assembly 10¢ consists of an elongated gener-
ally cylindrical hollow sleeve 11¢ which is open at both
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ends and two cup members 12¢, 129 are arranged axially

next to each other in the bore of the sleeve 11¢, One of

the cup members 12¢is closed off at one side and forms
the front surface 184 of the piston 10¢ while the other
cup member 129 arranged on the side of the drive shaft
6 for the cam disc 7 has a bottom closure wall 24 pro-
vided with an opening 23 for the drive shaft 6. A seal 26
1s located in a groove formed by the offset inner edge of
the cup 124. The axial end face or front surface 27 of the
cup 124 together with the cover 8 define an additional
stroke volume 28. Additionally, in the present instance,
the cam disc 7 has an elongated hub portion 7¢ formed
integrally therewith, the axial end 29 of which forms an
annular shoulder facing in the direction of the bearing
17. The outer seal 26 snugly embraces and glides on the
outer peripheral surface of the annular shoulder 29.
Compared to a single stroke arrangement, almost dou-
ble the amount of medium to be conveyed can be for-
warded at one revolution of the cam or the stroke can
be substantially reduced for the same capacity.

While particular embodiments of the present inven-
tion have been illustrated and described herein, it is not
intended to limit the invention and changes and modifi-
cations may be made therein within the scope of the
following claims.

For example, the piston anti-rotation means may
comprise an axially extending radially inwardly di-
rected projection 22’ on the bore of the housing 1’
which engages in a complementary recess 20’ formed in
the piston assembly as shown in FIG. 1a.

Further, the piston assembly may comprise a single
one piece cup member 10A of generally U-shaped cross
section made of a thin-walled metallic material formed
by a drawing process to include a generally cylindrical
body section 112 conforming closely to the bore of the
cylinder 1" and an end wall 18’ closing one end of the
body section. In this instance, the tabs 149 and 14% defin-
ing the cam follower may be formed integrally in the
side wall of the piston. Additionally, the piston anti-
rotation means may comprise a projection 22A extend-
ing radially outwardly from the cylindrical body sec-
tion which engages in an axial groove 21’ in the bore of
the housing 1" (see FIG. 1b).

What 1s claimed is:

d

10

15

20

25

30

35

40

1. A piston pump assembly comprising a housing, a 45
single unitary piston member mounted for axial move-

ment in a bore of the housing forming a piston chamber,
and arranged coaxially relative to a drive shaft, said
piston comprising a thin-walled member of generally
cup-shaped configuration, cam means associated with
said drive shaft disposed in the bore of said cup-shaped

piston and cam follower means associated with said-

piston operatively connected to said cam means

whereby rotation of said shaft effects through said cam

and cam follower means axial back-and-forth move-
ment of said piston in said housing bore, said piston
including a hollow tubular body section and a pair of
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shaft.

6

thin-walled sleeves axially arranged next to each other
1n the bore of the body section and wherein each of said
sleeves has a radially inwardly directed tab formed
integrally with the sleeve, said tabs being located at
confronting axial ends of the sleeves and being spaced
to embrace said cam means and each tab being of arcu-
ate shape in a peripheral direction and defining the cam
follower means.

2. A piston pump assembly as claimed in claim 1
wherein said body section is open at both axial ends and
at least one of said sleeves is constructed so that it is
closed at one axial end.

3. A piston pump assembly as claimed in claim 1
wherein each of said sleeves has at least two diametri-
cally opposed tabs which are radially inwardly di-
rected.

4. A piston pump assembly as claimed in claim 1
wherein said tabs and/or said cam means are coated
with a layer of a low friction material.

5. A piston pump assembly as claimed in claim 1
including means preventing rotation of said piston
member in said piston chamber.

6. A piston pump assembly as claimed in claim §
wherein said means preventing rotation comprises at
least one radial projection on the piston member en-
gageable in a recess in the housing bore.

7. A piston pump assembly as claimed in claim §
wherein said means comprises a projection in the hous-
ing bore engageable in a recess in said piston member.

8. A piston pump assembly as claimed in claim 1
wherein the outer peripheral surface of the piston and
the bore of the piston chamber are each provided with
at least one axially directed recess forming a channel
and including rolling elements engageable in said chan-
nel to secure the piston against rotation relative to the
piston chamber.

9. A piston pump assembly as claimed in claim 1 .
wherein the cross section of the piston and the cross
section of the piston chamber are of non-circular cross
section.

10. A piston pump assembly as claimed in claim 1
wherein said piston cross section and the piston cham-
ber cross section are elliptical.

i1. A piston pump assembly as claimed in claim 1
wherein the peripheral edge of said piston facing said
drive shaft is radially inwardly directed to a point adja-
cent the drive shaft. |

12. A piston pump assembly as claimed in claim 2
wherein said sleeve arranged adjacent the drive shaft of
the cam disc has a bottom closure provided with an
opening for the drive shaft of the cam disc.

13. A piston pump assembly as claimed in claim 12
including seal means for the gap between the inside
edge of a rolled over rim portion of said sleeve and the
opening and the outside annular surface of the drive
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